Three new prenylated 2-arylbenzofurans -artolakoochol, 4-hydroxyartolakoochol and cycloartolakoochol -have been isolated from the root bark of Artocarpus lakoocha Roxb., Their structures were elucidated through analysis of their spectroscopic data, and their antiherpetic potential was evaluated by the plaque reduction assay.
Introduction
Artocarpus lakoocha Roxb. (Moraceae), locally known in Thai as "Ma-Haad", is a widely distributed tree in the regions of South and Southeast Asia [1] . Previous phytochemical studies of this plant have revealed the presence of triterpenoids, flavonoids and stilbenes [2] [3] [4] [5] , some of which possessed antiherpetic activity [6] [7] [8] . In an earlier report, we described the isolation of two hitherto unknown 2-arylbenzofuran-type stilbenes from the root of A. lakoocha [9] . In this study, a chemical investigation focusing on the root bark was undertaken, and this led to the isolation of three new prenylated 2-arylbenzofurans, namely artolakoochol (1), 4-hydroxyartolakoochol (2) and cyclo-OPEN ACCESS artolakoochol (3) (Figure 1 ). In addition, these compounds were evaluated for their inhibitory effect against Herpes simplex virus using the plaque reduction method. [9] . This was supported by the NOESY interactions between H-4 and H-5 ( Figure 2 ), and further confirmed by the HMBC correlations from the OH-6 proton to C-5 (δ111.9) and C-7 (δ 98.2) ( Table 1 and Figure 3 ). 
In ring B one of the ortho-position carbon atoms was unsubstituted, as evidenced by the HMBC correlation from C-2 to an aromatic singlet proton at δ 6.70 (H-6′). Further analysis of the 1 H-and 13 C-NMR data revealed that a 3,3-dimethylallyl group was present on the other ortho-position (C-2′), [ [12, 13] . This unit should be situated at C-3′ and C-4′, and its placement was corroborated by the HMBC correlations from H-1′′′ to C-3′ and C-5′, and from H-2′′′ to C-4′. Based on the above spectral evidence, the structure of 1 was established as shown, and the compound was given the trivial name artolakoochol. (C-3′′), 18.1 (C-4′′) and 25.8 (C-5′′)] which should be placed at C-2′ due to the HMBC correlations of C-2′ (δ 120.8) with H-1′′. The 13 C-NMR, HSQC and HMBC spectra of 3 displayed, in addition to the signals for the 2-arylbenzofuran nucleus and the prenyl group, ten carbon signals corresponding to three angular methyls, three methylenes, two methines and two oxygenated quarternary carbons. This indicated that compound 3 also had a monoterpene unit which was attached to C-4′and appeared to form a tricylic structure with the oxygen functionalities on C-3′ and C-5′. The conjugation of a 10-carbon moiety to a di-ortho oxygenated aromatic structure to produce a pyran-cyclohexane-pyran system (rings D, E and F) has been recently observed in isorubraine, a monoterpene-chalcone conjugate isolated from the seeds of Alpinia katsumadai [14] . Comparison of the 1 H-and 13 C-NMR data of 3 with those of isorubraine [14] particularly on the tricyclic partial structure revealed their close similarity. Therefore the monoterpene unit should be connected to ring B by a direct linkage between C-4′ (δ 117.2) and C-1′′′ (δ 28.6) with two ether bridges between C-3′ and C-3′′′, and C-5′ and C-8′′′. This was supported by the HMBC correlation between H 2 -2′′′ (δ 1.82 and 2.21) and C-4′. The arrangement of this monoterpene unit was confirmed by HMBC correlations from C-7′′′ (δ 46.9) to H 2 -2′′′ (δ 1.82, 1H, dd, J = 13.0, 1.5 Hz; δ 2.21, 1H, m), H 2 -6′′′ (δ 1.25, 1H, m; δ 0.70, 1H, m), H 3 -9′′′ (δ 1.52, 3H, s) and H 3 -10′′′ (δ 1.04, 3H, s), and from C-3′′′ (δ 74.6) to H 2 -2′′′, H 3 -4′′′ (δ 1.39, 3H, s) and H 2 -6′′′.
The F ring of 3 appeared to have a chair conformation. Its relative configuration and NMR assignments were obtained from detailed analysis of the COSY, NOESY, HSQC and HMBC spectra. At C-2′′′, the double doublet at δ 1.82 (J = 13.0, 1.5 Hz) was assigned to the axial proton from its NOESY interaction with H-7′′′, whereas the multiplet at δ 2.21 was assigned to the equatorial, consistent with its long-range (W-type) coupling with equatorial H-5′′′ (δ 1.42, m) observed in the COSY spectrum. The axial proton at C-5′′′(δ 1.71, m), as expected, showed NOESY correlation with H 3 -4′′′. The equatorial proton at C-6′′′ (δ 1.25, m) displayed a NOESY cross peak with H-7′′′.
Thus, it was concluded that 3 had the structure as shown in Figure 1 , and the trivial name cycloartolakoochol was given to the compound. Regarding its optical activity, 3 was found to be dextrorotatory ([α] 20 D +19.2). In the CD spectrum ( Figure 5) , it appeared to show a negative Cotton effect at 243 nm, although two small positive peaks at 320 and 370 nm were observed. These findings reflected the influence of the stereochemistry at C-1′′′, which determined the arrangement of the tricyclic (D/E/F) ring system, on the optical properties of 3 as compared with those of 1 and 2. Figure 5 . CD data of compound 3.
Biogenetically, the 2-arylbenzofuran nucleus of 1 and 3 might be derived from 4,3′,5′-trihydroxystilbene (resveratrol), whereas that of 2 could be originated from 2,4,3′,5′-tetrahydroxystilbene (oxyresveratrol) [6] [7] [8] 15] . Compound 3 appears to be a cyclization product of 1. Figure 6 . Possible biogenesis of 3 from 1.
As depicted in Figure 6 , this reaction could begin with protonation of C-2′′′, resulting in the formation of a carbocation at C-1′′′. This would be followed by bond formation between C-1′′′ and C-7′′′ to give a carbocation at C-8′′′ that would subsequently undergo nucleophilic attack by OH-5′ to produce rings E and F.
Compounds 1-3 were evaluated for their inhibitory activity against Herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) using the plaque reduction assay [7] [8] [9] , but they were devoid of activity at the concentration of 100 μg/mL.
Experimental

General
Optical rotations were measured on a Perkin-Elmer 341 polarimeter, and the CD spectra were recorded on a JASCO J-715 spectropolarimeter. UV spectra were obtained on a Milton Roy Spectronic 3000 Array spectrophotometer, and IR spectra on a Perkin-Elmer FT-IR 1760X spectrophotometer. Mass spectra were recorded on a Micromass LCT mass spectrometer (ESI-TOF-MS). NMR spectra were recorded on a Bruker Avance DPX-300 FT-NMR spectrometer or a Varian Unity INOVA-500 NMR spectrometer. Vacuum-liquid column chromatography (VLC) and column chromatography (CC) were performed on silica gel 60 (Merck, Kieselgel 60, 70-320 mesh), silica gel 60 (Merck, Kieselgel 60, 230-400 mesh) and Sephadex LH-20 (25-100 μm, Pharmacia Fine Chemical Co. Ltd.). 
Plant Material
Extraction and Isolation
Air dried and powdered root bark of A. lakoocha (2.4 kg) was successively extracted with EtOAc and MeOH (2 × 15 L, 2 days each) at room temperature, yielding an EtOAc extract (111 g) and a MeOH extract (369 g), respectively. The EtOAc extract was initially subjected to vacuum-liquid chromatography on silica gel (EtOAc-hexane gradient) to give fractions A-M. Fraction E (3.86 g) was separated by CC (silica gel; 15-20% EtOAc-hexane) to give 13 fractions. Fraction 8 (101 mg) was further separated by gel filtration chromatography (Sephadex LH-20, acetone) to give artolakoochol (1, 40 mg) . Separation of fraction G (3.57 g) was performed on silicagel (10% EtOAc-hexane) and then on Sephadex LH-20 (acetone) to afford cycloartolakoochol (3, 6 mg). Fraction K (1.76 g) was separated by CC (silica gel; 30% EtOAc-hexane) to give 18 fractions. Fraction 14 (254 mg) from this column was then subjected to repeated column chromatography over silica gel (MeOH-CH 2 Cl 2 1-3%) to give a fraction which was dried and recrystallized from CH 2 Cl 2 to give 4-hydroxyartolakoochol (2, 2.5 mg). Table 2 .
Assay of Anti-HSV Activity
Antiviral activity against HSV-1 (Strain KOS) and HSV-2 (Strain 186) was determined using the plaque reduction method, as previously described [7] [8] [9] . Briefly, virus (30 PFU/25 μL) was mixed with complete medium (25 μL) containing various concentrations of test compound and then incubated at 37 ºC for 1 h. After incubation, the mixtures were added to Vero cells (6 × 10 5 cells/well) in 96-well microtiter plates and incubated at 37 ºC for 2 h. The overlay medium containing the various concentrations of test compound was added to the Vero cells and incubated at 37 ºC in humidified CO 2 incubator for 2 days. Then, virus growth inhibition was evaluated by counting the virus plaque forming on Vero cells compared with the controls. The cells also were stained with 1% crystal violet in 10% formalin for 1 h. The percent plaque inhibition was determined. Acyclovir was used as positive control.
Cytotoxicity Test
Cytotoxicity was evaluated by incubating Vero cell monolayers with completes medium containing various dilutions of sample for 72 h at 37 ºC. Then, cell cytotoxicity was examined by microscopic observation [7] [8] [9] .
Conclusions
Three new 2-arylbenzofurans: artolakoochol (1), 4-hydroxyartolakoochol (2) and cycloartolakoochol (3) were isolated from the root bark of Artocarpus lakoocha Roxb. All of the isolated compounds were evaluated for their anti-HSV effect, but they were devoid of activity.
